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Journal of Insect Science | www.insectscience.org 4Figure 1. FMRFamide-like immunoreactivity (FLI) in the brain of Phormia regina. A) Anterior view of the brain showing FLI
throughout the regions of the brain, including cells in the optic lobes, protocerebrum, and the subesophageal ganglion (SOG). FLI is
shown in nerve processes running down the cervical connective (CN) to the thoracico-abdominal ganglion. B) Posterior view of the
brain showing FLI in cells of the protocerebrum, including median neurosecretory cells in the pars intercerebralis (PI) and subesopha-
geal ganglion. cervical connective processes originate from cells in the subesophageal ganglion. OL, optic lobe; E, esophagus.
;C:B7>:3 13:: 0=273A E7B6 ! E7B6 B63 ;=AB <C;3@=CA
=11C@@7<57<B63B3@;7</:<3C@=;3@375C@3
'3D3@/: :/@53 13:: 0=273A E7B6 ! E3@3 =0A3@D32 =< B63
2=@A/: A723 =4 B63 4=@35CB	;725CB 8C<1B7=< 75C@3A 
 %@=13AA3A E7B6 ! =@757</B7<5 7< B63 /@3/ =4 B63A3
Journal of Insect Science: Vol. 8 | Article 65 Haselton et al.
Journal of Insect Science | www.insectscience.org 5Figure 2. Mirror staining of the pars intercerebralis (PI) of Phormia regina. A) pars intercerebralis
region of the protocerebrum stained with anti-FMRFamide antiserum using the peroxidase-antiper-
oxidase technique of Sternberger (1979). Arrows indicate large, medial FMRFamide-like immunore-
active (FLI) cells surrounded by smaller cells exhibiting little or no FLI. B). Adjacent paraffin section
showing type-A median neurosecretory cells stained with paraldehyde fuchsin. Arrows indicate
large, unstained medial cells corresponding to the FLI cells of the previous section. CB, central body.
Journal of Insect Science: Vol. 8 | Article 65 Haselton et al.
Journal of Insect Science | www.insectscience.org 6Figure 3. FMRFamide-like immunoreactivity (FLI) in the thoracico-abdominal ganglion (TAG) and cervical connective (CN) of
Phormia regina. A) Dorsal aspect of the CN and thoracico-abdominal ganglion of P. regina. Processes arise from cells in the
subesophageal ganglion, run down the cervical connective, and form an anastomosing neurohemal plexus on the dorsum of the
thoracico-abdominal ganglion. B) Ventral aspect of the cervical connective and thoracico-abdominal ganglion of P. regina. Paired
FLI cells and cell clusters are visible in each neuromere of the thoracico-abdominal ganglion. Processes can be seen running
down the cervical connective to the thoracico-abdominal ganglion. SOG, subesophageal ganglion; E, esophagus.
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Journal of Insect Science | www.insectscience.org 7Figure 4. FMRFamide-like immunoreacitivity (FLI) in the retrocerebral complex (RCC) of Phormia regina. A) FLI in the retrocerebral
complex and anterior dorsal surface of the midgut of P. regina. FLI processes originating from the retrocerebral complex run over the
proventriculus (PV) and down the dorsal surface of the anterior midgut (double arrows), as well as down the lateral sides of the crop
duct (CD) forming two crop duct nerves (CDN). B) An enlarged view of FLI in the retrocerebral complex of P. regina shows intense
FLI in the corpus cardiacum/hypocerebral ganglion, as well as in the corpus allatum. Processes originating in this intense area of FLI
run over the proventriculus to the midgut and down the crop duct to the crop. MG midgut; CA, corpus allatum; CC/HCG, corpus
cardiacum/hypocerebral ganglion.
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Journal of Insect Science | www.insectscience.org 8Figure 5. FMRFamide-like immunoreactivity (FLI) in the foregut and midgut of Phormia regina. A) Diagram showing FLI in the gut of
P. regina. FLI occurs in the retrocerebral complex (RCC), crop duct nerve (CDN), and on the proximal surface of the crop sac (C) of
the foregut. In the midgut, FLI occurs in nerves running down the dorsal surface of the anterior midgut and in numerous midgut en-
docrine cells of the posterior midgut. B) FLI processes from the crop duct nerves ramify out into a fine network on the proximal sur-
face of the crop sac (arrows). C) FLI midgut endocrine cells of the posterior midgut. Open-type endocrine cell morphology (apical
processes projecting toward lumen) is evident in many cells (arrow). E, esophagus; PV, proventriculus; CD, crop duct; MT, Malpighian
tubules.
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Journal of Insect Science | www.insectscience.org 9Figure 6. FMRFamide-like immunoreactivity (FLI) in the brain of Tabanus nigrovittatus. A) Anterior view of the brain showing FLI
throughout the regions of the brain, including cells in the protocerebrum, pars intercerebralis (PI), optic lobes (OL) and the subeso-
phageal ganglion (SOG). B) Posterior view of the brain showing FLI in cells of the protocerebrum and in nerve processes running
down the cervical connective (CN). At least some cervical connective processes originate from cells in the subesophageal ganglion.
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Journal of Insect Science | www.insectscience.org 10Figure 7. FMRFamide-like immunoreactivity (FLI) in the cervical connective (CN), thoracic ganglion, and abdominal chain ganglia of
Tabanus nigrovittatus. A) FLI processes running down the cervical connective and over the dorsal surface of the thoracic ganglion
(arrows). B) Large, paired FLI cells and cell clusters in the ventral region of each neuromere in the thoracic ganglion (arrow). C) FLI
processes run down the entire length of the abdominal chain of ganglia and FLI cell bodies and neuropil occur in each neuromere.
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Journal of Insect Science | www.insectscience.org 11Figure 8. FMRFamide-like immunoreactive (FLI) cells at the foregut/midgut junction in Tabanus nigrovittatus.
A) A cluster of large FLI cells rest on the dorsal surface of the foregut just anterior to the junction with the
midgut. Processes that appear to be associated with these cells form a network that innervates the entire
outer surface of the anterior midgut. Punctate FLI processes on the esophagus also communicate with the FLI
cell bodies (arrow). B) Two nerves originating from the region of the FLI cell bodies at the foregut/midgut
junction run down the lateral sides of the crop duct (arrows). E, esophagus; CD, crop duct.
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Journal of Insect Science | www.insectscience.org 12Figure 9. FMRFamide-like immunoreactivity (FLI) in the foregut and midgut of Tabanus nigrovittatus. A) diagram showing FLI in the
gut of T. nigrovittatus. In the foregut, FLI occurs in cells at the junction of the foregut and the midgut, in the crop duct nerves, and on
the proximal surface of the crop sac of the foregut. In the midgut, FLI occurs in nerves running along the surface of the anterior
midgut and in the midgut endocrine cells of the posterior midgut. FLI in the anterior and posterior midgut of T. nigrovittatus. B) The
entire surface of the anterior midgut is covered by a fine plexus of FLI fibers. Two large FLI nerves emanating from the region of FLI
cells and processes at the foregut/midgut junction run posteriorly on the dorsal surface of the anterior midgut. FLI nerves originating
from this same region run down the crop duct (CD). C) FLI midgut endocrine cells in the posterior midgut. FLI midgut endocrine
cells exhibit open-type endocrine cell morphology and form a dense ring around the terminal end of the midgut, just anterior to the
pyloric sphincter. GC, gastric caecum; MG, midgut; E, esophagus; PS, pyloric sphincter; CDN, crop duct nerve; C, crop; MT, Malpighi-
an tubules; HG, hindgut.
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